We measured ionized calcium concentrations in whole blood from 91 patients who had no clinical or biochemical evidence of disturbed calcium homeostasis and who had a wide range of serum albumin concentrations. We used both a standard Ciba-Corning 634 analyzer, which has a membrane-restricted saturated KCI reference electrode bridge, and a modified instrument with a 150 mmol/L NaCI bridge. After adjusting the externally standardized values from each instrument for their least-squares regressions on pH, there was a significant correlation between ionized calcium and albumin only with the standard analyzer. In contrast, only values from the modified instrument correlated with serum chloride; this was not explained by ionic strength or organic anion interferences. We conclude that there is unlikely to be any major advantage in using a whole blood from a population with normal calcium homeostasis but with a wide range of serum albumin values would be significantly narrower when measured by an analyzer with an isotonic reference electrode than by a conventional instrument. Thus true disturbances in ionized calcium would be more readily detected in patients whose serum albumin was low or unknown. We report here the first study of ionized calcium in such a population with measurements made on both types of instrument.
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We measured ionized calcium concentrations in whole blood from 91 patients who had no clinical or biochemical evidence of disturbed calcium homeostasis and who had a wide range of serum albumin concentrations. We used both a standard Ciba-Corning 634 analyzer, which has a membrane-restricted saturated KCI reference electrode bridge, and a modified instrument with a 150 mmol/L NaCI bridge. After adjusting the externally standardized values from each instrument for their least-squares regressions on pH, there was a significant correlation between ionized calcium and albumin only with the standard analyzer. In contrast, only values from the modified instrument correlated with serum chloride; this was not explained by ionic strength or organic anion interferences. We conclude that there is unlikely to be any major advantage in using a membrane-restricted isotonic NaCI reference electrode for in vitro clinical measurements, although it may be of value for in vivo monitoring.The importance of measuring serum albumin when using most commercial ionized calcium analyzers is emphasized. There is now considerable evidence that measurement of ionised calcium by most commercial instruments is complicated by the positive interference of protein (1) (2) (3) (4) . This effect has been demonstrated both in simple solutions and in samples from hospital patients, and is such that spurious hypocalcemia may be diagnosed in hypoalbuminemic patients while true hypercalcemia may be masked. Figure 2 ) and bicarbonate
(negatively).
Because these two anions were themselves correlated (r = -0.34, P = 0.001), chloride could be adjusted for bicarbonate concentration in the same way that ionized calcium was adjusted for pH. When this was done, the correlation between pH-adjusted ionized calcium and chloride remained significant (r = 0.48, P <0.001). However, the converse was not true; adjustment of bicarbonate concentration for serum chloride weakened its correlation with pHadjusted ionized calcium such that it was no longer significant.
No significant correlations were found between pHadjusted ionizedcalcium and sodium, potassium, magnesium, globulin, or anion gap, when measured on either instrument.
The 95% limits for pH-adjusted ionized calcium were 0.937-1.113 mmol/L for the modified instrument, significantly narrower than the range of 1.152-1.361 mmol/L for the standard analyzer (F = 1.41, P <0.05). However, We have also confirmed in patients' samples earlier observations with simple solutions of NaCl, calcium, and albumin that interference by albumin can be eliminated by the use of an isotonic NaC1 reference electrode (6, 8) . The albumin effect appears to be caused by the coagulation of sample proteins at the hypertonic reference electrode liquid junction, which alters the residual liquid junction potential (RLJP) in comparison with that of nonprotein-containing solutions (15). Differences in the RLJP also account for the lower ionized calcium values when the isotonic reference electrode bridge was used (7) . The effect of protein on measured potential has been demonstrated on electrode systems selectivefor ions other than calcium, including sodium, hydrogen (15), and potassium (7), and is of a similiir magnitude for each (-2.2 mV/100 g of protein) (15) .
The elimination of albumin interference by using an isotonic NaCl reference electrode significantly narrowed the reference range for pH-adjusted ionized calcium, but because the values were lower, the population CV was unchanged. The lower values may represent the true ionized calcium of the samples (14) . However, there was a new positive correlation with serum chloride, and another population of patients with a greater range of serum chloride values may be expected to show a wider reference range for ionized calcium when an isotonic reference electrode is used. Explanation of this refer- (3,4) , that the interference is at the reference electrode (5) because of its hypertonic nature, and that it can be eliminated by an isotonic junction (6, ence electrode-dependent chloride effect on ionized calcium is difficult. An effect of bicarbonate, or of anions that might replace it in metabolic acidosis (6), is not supported by the lack of correlation with either chlorideadjusted bicarbonate or anion gap. Nor is the chloride effect a reflection of ionic strength interference because there was no correlation between pH-adjusted ionized calcium and sodium, the major determinant of ionic strength in plasma. This is consistent with the conclusion from in vitro studies that the Ciba-Corning 634 is no more susceptible to ionic strength interference with an isotonic NaCl reference electrode than with an electrode of hypertonic KC1 (8). In that particular study the ionic strength was varied by increasing the concentration of NaCl from 100 to 150 mmol/L. Although this was a wider range of chloride concentrations than encountered in the present study, the standard and modified instruments responded no differently.
It would seem prudent, therefore, to be cautious in extrapolating observations made on simple solutions to whole blood.
In terms of the clinical interpretation of results reported by the modified analyzer, a mean difference in serum chloride of 10 
